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(57)Abstract: 

PURPOSE: To miniaturize a standing wave type of 
piezoelectric driving motor, and facilitate the control of 
the direction of normal and reverse driving. 
CONSTITUTION: An elastic oscillator 1 is fixed between 
the mobile ends of a pair of piezoelectric elements 2a 
and 2b one end each of which is fixed and are 
counterposed in opposition, and second mode of 
standing wave oscillation is generated in the elastic 
oscillator 1 by the deformation of the elastic oscillator 1 
at the time of having applied voltage while shifting the 
phase of each piezoelectric element 2a and 2b 90° , and 
at the same time, the elastic oscillator 1 causes the 
shifting of the center of gravity, and the specified point 
on the elastic oscillator performs elliptic motion, so it 
becomes possible to drive the mover 5. The driving 
direction of the mover 5 can be controlled in both 
normal and reverse directions by shifting the voltage 
phase applied to each piezoelectric element 2a and 2b 
ti/2 or -ti/1. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The piezo-electric drive motor characterized by having fixed the end, respectively, 
having been fixed between the piezoelectric device of the pair which carried out opposite 
arrangement, and the movable end of each [ these ] piezoelectric device, and having the elastic 
vibration object which makes the mobile which deforms and contacts by telescopic motion of each 
of said piezoelectric device drive, the power source which impresses an electrical potential 
difference to said each piezoelectric device, and the phase adjuster which shifts 90 degrees of 
phases of this applied voltage. 

[Claim 2] The piezo-electric drive motor characterized by an elastic vibration object being a 
ring-like in a piezo electric drive motor according to claim 1. 

[Claim 3] It is the piezo electric drive motor characterized by each piezoelectric device generating 
flexible distortion according to the piezo electric longitudinal effect in a piezo electric drive motor 
according to claim 1 or 2. 

[Claim 4] It is the piezo-electric drive motor characterized by each piezoelectric device generating 
flexible distortion according to the piezo electric transversal effect in a piezo electric drive motor 
according to claim 1 or 2. 

[Claim 5] It is the piezo electric drive motor characterized by each piezoelectric device being a 
laminating mold in claim 1 thru/or a piezo-electric drive motor given in four. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the piezo electric drive motor which takes out 

mechanical driving force using a piezoelectric device. 

[0002] 

[Description of the Prior Art] As an advancing-side-byside drive or a rotation driving source, the 
electromagnetic motor is known widely conventionally, however, an electromagnetic motor •* 
electromagnetism - if there is a problem of propers, such as generating of a noise, and it is made 
a minute configuration, it has the fault that effectiveness falls. On the other hand, as equipment 
which transforms the vibrational energy of electrostrictive ceramics into the energy of 
translational motion or rotation in recent years, an ultrasonic motor is devised variously and 
attracts attention, this ultrasonic motor - electromagnetism - without generating a noise, high 
torque is realizable at a low speed, and moreover, since the miniaturization is easy, application 
for the application with which the fault of an electromagnetic motor is compensated is considered. 
[0003] By the way, there are a progressive wave type and a standing wave type of ultrasonic 
motors. Although the progressive wave type ultrasonic motor is excellent to abrasion resistance, 
it must define severely the dimensional accuracy of an elastic vibration object, and the assembly 
location precision of a piezoelectric device, and there are many problems in respect of a 
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miniaturization. The problem is the the best for the built up member of a certain thing being 
miniaturized, and on the other hand, using them in the small load range to abrasion resistance, 
since there are few standing wave type ultrasonic motors. 

[0004] Drawing 3 is a mimetic diagram for explaining the working principle of a standing wave 
type ultrasonic motor. In drawing 3 , if high-frequency voltage is impressed to the piezoelectric 
device 6 which fixed the end by RF generator 7, in contact 8 attached in the movable end of a 
piezoelectric device 6, vibration will arise in the direction of an arrow head 9 according to input 
voltage. At this time, since the free end of contact 8 touches the front face of a rotator 10, in 
contact 8, the standing wave by which vibration of the hand of cut of a rotator 10 and vibration of 
the flexible direction (arrow head 9) of a piezoelectric device 6 were compounded occurs, 
consequently a rotator 10 is rotated in the fixed direction. 
[0005] 

[Problem(s) to be Solved by the Invention] However, control of the hand of cut of right reverse is 
difficult for a such standing wave type ultrasonic motor, and it needs the amelioration. It is made 
in order that this invention may solve this point, and that purpose can control the hand of cut of 
right reverse easily, and it is in moreover offering the piezo-electric drive motor of a 
miniaturization possible standing wave type. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
piezo-electric drive motor of this invention fixes an end, and fixes an elastic vibration object 
between the movable end of the piezoelectric device of the pair which carried out opposite 
arrangement, and it is made to make the mobile in contact with this elastic vibration object drive 
according to deformation of the elastic vibration object when being able to shift 90 degrees of 
phases to each piezoelectric device, and impressing an electrical potential difference to it 
[0007] 

[Function] Since an elastic vibration object produces migration of a center of gravity and the 
specifying point on an elastic vibration object carries out ellipse movement at the same time it 
makes an elastic vibration object generate standing wave vibration of the secondary mode by 
constituting the piezo electric drive motor of this invention as mentioned above, the mobile in 
contact with this point can be driven, the electrical potential-difference phase impressed to each 
piezoelectric device - it can shift [ pi/2 or ] pi/2 - the driving direction of a mobile - forward - 
reverse - controlling to all is possible. 
[0008] 

[Example] Hereafter, the example of this invention is explained based on a drawing. Drawing 1 
(a) - (d) is a mimetic diagram for explaining the working principle of the piezo-electric drive 
motor of this invention. Drawing 1 (a) expresses the initial state before 
electrical potential-difiference impression. Two piezoelectric-device 2a and 2bs on the same 
center line as the elastic vibration object 1 are contacted so that the elastic vibration object 1 
may be inserted by the end, respectively, and they are arranged, and each other end of 
piezoelectric-device 2a and 2b is fixed. It passes along the core of the elastic vibration object 1, 
and two intersections of the straight line and the elastic vibration object 1 which cross an 
above-mentioned center line and an above-mentioned perpendicular are set to P0. 
[0009] The condition of having impressed the electrical potential difference V to the direction of 
piezoelectric-device 2b here is drawing 1 (b). Although about 90 degrees of 
electricahpotential difference impression are performed with a power source 3 using the phase 
regulator 4, for convenience, these are illustrated to drawing 1 (d) and omitted to drawing 1 (a) - 
(c). When an electrical potential difference V is impressed to piezoelectric device 2b, the elastic 
vibration object 1 is the point P0 on the elastic vibration object 1 while it deforms and a center of 
gravity moves. Point PI It moves. 

[0010] Next, when an electrical potential difference V is impressed to piezoelectric- device 2a as it 
is, like drawing 1 (c), it deforms further, a center of gravity returns, and the elastic vibration 
object 1 is a point Pi. Point P2 It moves. 

[0011] Subsequently, when the electrical potential difference V which was being impressed to 
piezoelectric-device 2b is set to 0, it deforms again, a center of gravity shifts to the opposite side, 
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and the elastic vibration object 1 is a point P2 like drawing 1 (d). Point P3 It moves. Then, if the 
electrical potential difference V which was being impressed to piezoelectric-device 2a is set to 0, 
the elastic vibration object 1 will deform further again, and will return to the condition of 
drawing 1 (a). 

[0012] Drawing 1 (a) By carrying out by repeating the condition of - (d), it is the point P0 of the 
elastic vibration object 1. It is this point P0 by carrying out ellipse movement and driving at high 
speed. The mobile 5 which touches will move towards ellipse movement. In addition, also about 
this mobile 5, for convenience, it illustrates to drawing 1 (d) and has omitted to drawing 1 (a) - (c). 
The time of the elastic vibration object 1 performing standing wave vibration of the secondary 
mode drives most efficiently. 

[0013] Although drawing 2 is an electrical-potential-difference wave form chart impressed to 
each piezoelectric-device 2a and 2b, an upper case expresses piezoelectric-device 2a and the 
lower berth expresses piezoelectric-device 2b, each process [ of drawing 1 corresponding to time 
series ] (a) - (d) is written together. As drawing 2 shows, a voltage waveform is the square wave 
from which the phase shifted pi/2 in piezoelectric-device 2a and 2b. When moving a mobile 5 to 
hard flow, it is the phase of applied voltage, - It becomes possible by shifting pi/2. 
[0014] The drive of piezoelectric-device 2a and 2b may use a laminating mold piezoelectric device, 
in order to adopt any of vibration by the piezo-electric longitudinal effect, and vibration by the 
piezo-electric transversal effect and to take the large amplitude. Although the elastic vibration 
object 1 of considering as the about [ thickness 1mm ] shape of the diameter of 5- 10mm and a 
ring is good, even if it uses the thing of an ellipse form or other configurations, it can acquire the 
same effectiveness. About wear of the elastic vibration object 1, it can be coped with by choosing 
the suitable ingredient for the elastic vibration object 1, and making hardness of the elastic 
vibration object 1 larger than the hardness of a mobile 5. Since structure is very simple, the 
piezo-electric drive motor of this invention constituted as mentioned above is easy to miniaturize. 
[0015] 

[Effect of the Invention] Since the piezo electric drive motor of this invention constituted as a 
subject the elastic vibration object which fixed the end and was fixed between the piezoelectric 
device of the pair which carried out opposite arrangement, and the movable end of each 
piezoelectric device as stated so far Since an elastic vibration object is made to generate standing 
wave vibration of the secondary mode, an elastic vibration object produces migration of a center 
of gravity in coincidence and the specifying point on an elastic vibration object carries out ellipse 
movement, it becomes possible to drive the mobile in contact with this point. And control of the 
driving direction of the right reverse of a mobile can perform the phase of the applied voltage of 
each piezoelectric device pi/2 or by the ability shifting -pi/2. Since the piezo-electric drive motor 
of this invention is easy structure, it is still easier to miniaturize. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the piezo-electric drive motor which takes out 
mechanical driving force using a piezoelectric device. 



PRIOR ART 



[Description of the Prior Art] As an advancing- side by side drive or a rotation driving source, the 
electromagnetic motor is known widely conventionally, however, an electromagnetic motor - 
electromagnetism - if there is a problem of propers, such as generating of a noise, and it is made 
a minute configuration, it has the fault that effectiveness falls. On the other hand, as equipment 
which transforms the vibrational energy of electrostrictive ceramics into the energy of 
translational motion or rotation in recent years, an ultrasonic motor is devised variously and 
attracts attention, this ultrasonic motor - electromagnetism - without generating a noise, high 
torque is realizable at a low speed, and moreover, since the miniaturization is easy, application 
for the application with which the fault of an electromagnetic motor is compensated is considered. 
[0003] By the way, there are a progressive wave type and a standing wave type of ultrasonic 
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motors. Although the progressive wave type ultrasonic motor is excellent to abrasion resistance, 
it must define severely the dimensional accuracy of an elastic vibration object, and the assembly 
location precision of a piezoelectric device, and there are many problems in respect of a 
miniaturization. The problem is the the best for the built up member of a certain thing being 
miniaturized, and on the other hand, using them in the small load range to abrasion resistance, 
since there are few standing wave type ultrasonic motors. 

[0004] Drawing 3 is a mimetic diagram for explaining the working principle of a standing wave 
type ultrasonic motor. In drawing 3 , if high-frequency voltage is impressed to the piezoelectric 
device 6 which fixed the end by RF generator 7, in contact 8 attached in the movable end of a 
piezoelectric device 6, vibration will arise in the direction of an arrow head 9 according to input 
voltage. At this time, since the free end of contact 8 touches the front face of a rotator 10, in 
contact 8, the standing wave by which vibration of the hand of cut of a rotator 10 and vibration of 
the flexible direction (arrow head 9) of a piezoelectric device 6 were compounded occurs, 
consequently a rotator 10 is rotated in the fixed direction. 



EFFECT OF THE INVENTION 



[Effect of the Invention] Since the piezo electric drive motor of this invention constituted as a 
subject the elastic vibration object which fixed the end and was fixed between the piezoelectric 
device of the pair which carried out opposite arrangement, and the movable end of each 
piezoelectric device as stated so far, Since an elastic vibration object is made to generate 
standing wave vibration of the secondary mode, an elastic vibration object produces migration of 
a center of gravity in coincidence and the specifying point on an elastic vibration object carries 
out ellipse movement, it becomes possible to drive the mobile in contact with this point. And 
control of the driving direction of the right reverse of a mobile can perform the phase of the 
applied voltage of each piezoelectric device pi/2 or by the ability shifting -pi/2. Since the 
piezo electric drive motor of this invention is easy structure, it is still easier to miniaturize. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, control of the hand of cut of right reverse is 
difficult for a such standing wave type ultrasonic motor, and it needs the amelioration. It is made 
in order that this invention may solve this point, and that purpose can control the hand of cut of 
right reverse easily, and it is in moreover offering the piezo electric drive motor of a 
miniaturization possible standing wave type. 



MEANS 



[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
piezo electric drive motor of this invention fixes an end, and fixes an elastic vibration object 
between the movable end of the piezoelectric device of the pair which carried out opposite 
arrangement, and it is made to make the mobile in contact with this elastic vibration object drive 
according to deformation of the elastic vibration object when being able to shift 90 degrees of 
phases to each piezoelectric device, and impressing an electrical potential difference to it. 



OPERATION 



[Function] Since an elastic vibration object produces migration of a center of gravity and the 
specifying point on an elastic vibration object carries out ellipse movement at the same time it 
makes an elastic vibration object generate standing wave vibration of the secondary mode by 
constituting the piezo-electric drive motor of this invention as mentioned above, the mobile in 
contact with this point can be driven, the electrical-potential- difference phase impressed to each 
piezoelectric device - it can shift [ pi/2 or ] pi/2 - the driving direction of a mobile ■■ forward - 
reverse - controlling to all is possible. 
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EXAMPLE 



[Example] Hereafter, the example of this invention is explained based on a drawing. Drawing 1 
(a) - (d) is a mimetic diagram for explaining the working principle of the piezo electric drive 
motor of this invention. Drawing 1 (a) expresses the initial state before 
electrical-potential-difference impression. Two piezoelectric-device 2a and 2bs on the same 
center line as the elastic vibration object 1 are contacted so that the elastic vibration object 1 
may be inserted by the end, respectively, and they are arranged, and each other end of 
piezoelectric-device 2a and 2b is fixed. It passes along the core of the elastic vibration object 1, 
and two intersections of the straight line and the elastic vibration object 1 which cross an 
above-mentioned center line and an above-mentioned perpendicular are set to PO. 
[0009] The condition of having impressed the electrical potential difference V to the direction of 
piezoelectric-device 2b here is drawing 1 (b). Although about 90 degrees of 
electrical-potential- difference impression are performed with a power source 3 using the phase 
regulator 4, for convenience, these are illustrated to drawing 1 (d) and omitted to drawing 1 (a) - 
(c). When an electrical potential difference V is impressed to piezoelectric-device 2b, the elastic 
vibration object 1 is the point PO on the elastic vibration object 1 while it deforms and a center of 
gravity moves. Point PI It moves. 

[0010] Next, when an electrical potential difference V is impressed to piezoelectric-device 2a as it 
is, like drawing 1 (c), it deforms further, a center of gravity returns, and the elastic vibration 
object 1 is a point Pi. Point P2 It moves. 

[0011] Subsequently, when the electrical potential difference V which was being impressed to 
piezoelectric -device 2b is set to 0, it deforms again, a center of gravity shifts to the opposite side, 
and the elastic vibration object 1 is a point P2 like drawing 1 (d). Point P3 It moves. Then, if the 
electrical potential difference V which was being impressed to piezoelectric-device 2a is set to 0, 
the elastic vibration object 1 will deform further again, and will return to the condition of 
drawing 1 (a). 

[0012] Drawing 1 (a) By carrying out by repeating the condition of - (d), it is the point P0 of the 
elastic vibration object 1. It is this point P0 by carrying out ellipse movement and driving at high 
speed. The mobile 5 which touches will move towards ellipse movement. In addition, also about 
this mobile 5, for convenience, it illustrates to drawing 1 (d) and has omitted to drawing 1 (a) - (c). 
The time of the elastic vibration object 1 performing standing wave vibration of the secondary 
mode drives most efficiently. 

[0013] Although drawing 2 is an electrical-potential-difference wave form chart impressed to 
each piezoelectric-device 2a and 2b, an upper case expresses piezoelectric- device 2a and the 
lower berth expresses piezoelectric-device 2b, each process [ of drawing 1 corresponding to time 
series ] (a) - (d) is written together. As drawing 2 shows, a voltage waveform is the square wave 
from which the phase shifted pi/2 in piezoelectric-device 2a and 2b. When moving a mobile 5 to 
hard flow, it is the phase of applied voltage. - It becomes possible by shifting pi/2. 
[0014] The drive of piezoelectric-device 2a and 2b may use a laminating mold piezoelectric device, 
in order to adopt any of vibration by the piezo-electric longitudinal effect, and vibration by the 
piezo-electric transversal effect and to take the large amplitude. Although the elastic vibration 
object 1 of considering as the about [ thickness 1mm ] shape of the diameter of 5- 10mm and a 
ring is good, even if it uses the thing of an ellipse form or other configurations, it can acquire the 
same effectiveness. About wear of the elastic vibration object 1, it can be coped with by choosing 
the suitable ingredient for the elastic vibration object 1, and making hardness of the elastic 
vibration object 1 larger than the hardness of a mobile 5. Since structure is very simple, the 
. piezo-electric drive motor of this invention constituted as mentioned above is easy to 
miniaturize. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
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[Drawing ll (a) - (d) is a mimetic diagram for explaining the working principle of the 
piezo-electric drive motor of this invention. 

[Drawing 2l The electrical-potential-difference wave form chart impressed to a piezoelectric 
device 

[Drawing 31 The mimetic diagram for explaining the working principle of a standing wave type 

ultrasonic motor 

[Description of Notations] 

1 Elastic Vibration Object 

2a Piezoelectric device 

2b Piezoelectric device 

3 Power Source 

4 At Least 90 " is Phase Regulator. 

5 Mobile 

6 Piezoelectric Device 

7 RF Generator 

8 Contact 
10 Rotator 



[Translation done.] 
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